In this work, the 2-(2-(pyridin-2-yl)oxazolidin-3-yl)ethanol (AEPC) ligand was prepared under solvent free conditions using ultrasonic irradiation, before reaction with a Cu(NO 3 ) 2 /KSCN mixture, CuCl 2 and CuI, the products of which were characterized by elemental analysis, UV-Vis, FT-IR spectroscopy and single-crystal X-ray diffraction. The X-ray analyses results revealed that AEPC, after reactions with the three copper(I/II) halides, gave structures acts as NN'O-donor in a facial coordination mode. In the crystal structure of 2, the copper ion has a Cu(N sec )(O alc ) 2 Cl 2 environment and distorted square-pyramidal geometry in which the DEA
Introduction
The oxazolidine moiety is an important building block for pharmacologically active compounds such as anti-diabetic [1] , anti-tubercular [2] , anti-convulsant [3] and aldose reductase inhibitors [4] . It is called pseudo-proline to mimic the proline skeleton for investigation of peptide biological activity [5] . The oxazolidine-based compounds are pseudo-irreversible inhibitors of serine proteases [6] and are used as elastase inhibitors [7] . Some of these derivatives exhibited very high binding affinities for both NK1 and NK2 receptors. There is speculation that a combined NK1 and NK2 receptor antagonist might be an effective drug for the treatment of asthma and chronic airway obstruction [8] . Oxazolidines have been studied extensively as crosslinking agents [9] and for their anti-proliferative activity against cancer cell lines [10] .
In order to extend the chemistry of the oxazolidines, we have recently reported two complexes of cadmium and mercury with 2-(2-(pyridin-2-yl)oxazolidin-3-yl)ethanol (AEPC, scheme 1) [11] and in this work, coordination of this ligand to both copper halides and thiocyanate are described. Based on the X-ray analysis, the AEPC ligand converts to the other A c c e p t e d M a n u s c r i p t Scheme 2. The structural conversion of the AEPC ligand during complexation process.
In addition to the expected biological properties of AEPC, binding the copper(II) ion to this unit makes these complexes a good choice for biologically active compounds. The copper(II) provides a rapid anti-microbial action without the risk of resistance development [12] and, at the same time, has the ability to modulate angiogenesis, a crucial challenge of current tissue engineering technologies. Moreover, copper(II) is naturally present in the human body, contrary, for instance, to silver [13] . This ion is biocompatible and exhibits many significant roles in biological systems. A further advantage of the copper is that its cost is significantly lower than the therapeutic metals (Pt, Ru, Rh and Au) currently used in the preparation of metal-based anticancer agents. A large number of the copper(II) complexes have been reported as potential antitumor agents and they have been found to be active both in vitro and in vivo [14] [15] [16] [17] .
For predicting the biological activities of the ligand and complexes, docking calculations were run to investigate the possibility of an interaction between these compounds and nine protein targets [18] [19] [20] , including BRAF kinase, Cathepsin B (CatB), DNA gyrase, Histone deacetylase (HDAC7), recombinant Human albumin (rHA), Ribonucleotide reductases (RNR), Thioredoxin reductase (TrxR), Thymidylate synthase (TS) and Topoisomerase II (Top II). These proteins were selected either due to their reported roles in the cancer growth or as transport agents that affect drug pharmacokinetic properties (e.g., rHA). Also, DNA gyrase was included A c c e p t e d M a n u s c r i p t to study the possibility of anticancer properties of the compounds, also acting as antimalarial agents [21] .
Experimental

Materials and instrumentation
All starting chemicals and solvents were from Merck and used as received. Infrared spectra (as KBr pellets) from 4000-400 cm -1 were recorded with a FT-IR 8400-Shimadzu spectrophotometer. The carbon, hydrogen and nitrogen contents were determined using a Thermo Finnigan Flash Elemental Analyzer 1112 EA. The melting points were measured with a Barnsted Electrothermal 9200 electrically heated apparatus. The ultrasonic-assisted reaction was carried out using an ultrasonic bath Sonica 2200ETH S3-Soltec. The electronic spectra were recorded in H 2 O using a Shimadzu model 2550 UV-Vis spectrophotometer (190-900 nm). 
Synthesis of 2-(2-(pyridin-2-yl)oxazolidin-3-yl)ethanol, (AEPC
Crystal structure determination
X-ray diffraction data for 1 were collected at 93 K using a Rigaku FR-X Ultrahigh Brilliance
Microfocus RA generator/confocal optics with XtaLAB P200 diffractometer. Compound 2 was A c c e p t e d M a n u s c r i p t analyzed at 173 K using a Rigaku SCXmini CCD diffractometer with a SHINE monochromator.
Mo Kα radiation (λ = 0.71075 Å) was used and intensity data were collected using ω steps accumulating area detector images spanning at least a hemisphere of reciprocal space. All data were corrected for Lorentz polarization effects. A multiscan absorption correction was applied using CrystalClear [22] or CrysAlisPro [23] . Structures were solved by dual space methods (SHELXT [24] ) and refined by full-matrix least-squares against F 2 (SHELXL-2013 [25] ). Nonhydrogen atoms were refined anisotropically, and N-H and O-H hydrogen atoms were refined with DFIX restraints, while all other hydrogen atoms were placed geometrically using a riding model. All calculations were performed using the CrystalStructure interface [26] . Selected crystallographic data are presented in table 1. Diagrams of the molecular structure and unit cell were created using Ortep-III [27, 28] and Diamond [29] . Selected bond lengths and angles are displayed in table 2 and hydrogen bond geometries in table 3.
Computational details
All structures were optimized with the Gaussian 09 software [30] and calculated for an isolated molecule using Density Functional Theory (DFT) [31] at the B3LYP/LanL2DZ and B3LYP/6-31+G level of theory for complexes and AEPC, respectively, as well as for NBO analysis. The cif file of 1 and also a similar complex containing an O-donor oxazolidine ligand [32] were used as input files for the theoretical calculations.
Docking details
The pdb files 4r5y, 3ai8, 5cdn, 3c0z, 2bx8, 1peo, 3qfa, 1njb, 4gfh for the nine receptors, BRAF Study of the literature revealed that a similar structure to 3 [35] [36] [37] has been reported previously from different precursors than those we used. In all CSD searches which have been presented, for more precise results, the structures containing any error or disorder have been omitted.
Spectroscopic characterization
The frequencies of IR bands for the free ligand are different from those of the corresponding complexes providing significant indications of bonding sites of the AEPC. In the IR spectrum of AEPC, a broad peak at 3363 cm −1 can be assigned to the ν (OH) which shifted to higher frequencies in the spectrum of 1 by 70 cm −1 , confirming the coordination of an alcohol group to the copper ion. A slight shift (5 cm −1 ) to higher frequency was observed for the ν(C=N) of the pyridine ring.
The most interesting part of the spectrum of 1 is the region above 2000 cm -1 , where the absorptions due to pseudohalides are observed [38] . Presence of the thiocyanate groups in 1 affects its IR spectrum in three regions: 2000-2200 cm -1 for CN stretches, 700-900 cm -1 for CS stretches and 400-500 cm -1 for SCN bending vibrations [39] . These vibrations can be used to determine the coordination modes of thiocyanato ligands in complexes [38] . In 1, the peak corresponding to ν(CN) is split into two peaks, indicating the existence of two non-equivalent coordinated thiocyanate groups and hence mutual cis coordination [38, 39] . These peaks appear at 2173 and 2066 cm -1 which are higher than those of typical N-bonded thiocyanato (in N-bonded thiocyanato, ν(CN) appears below 2100 cm -1 ) [38] which can be attributed to participation of the sulfur atom of the thiocyanato ligand in the hydrogen bonding. The ν(CS) and δ(NCS) in 1 are observed at 825 and 481 cm -1 , respectively, which are characteristic frequencies for an N-bonded thiocyanato ligand [38] .
A c c e p t e d M a n u s c r i p t
In the FT-IR spectrum of 2, the region above 3000 cm -1 , corresponding to the alcohol and amine groups, can be useful for predicting the coordination mode of the DEA ligand. In comparison to the FT-IR spectrum of DEA [39] , the ν(OH) and ν(NH) are shifted about 89 and 59 cm -1 , respectively, to higher frequencies than in the free ligand, confirming NO 2 -donation of DEA to the copper ion.
In the 1 H NMR spectrum of the ligand (see scheme 1 for numbering), the aromatic hydrogen atoms of the pyridine ring are observed at the lowest magnetic field. Among these protons, C 10 H, which is the closest to the nitrogen atom of the pyridine ring, has the highest ppm and 110.6(2)° for Cu1 and Cu21, respectively (for "face to side" form the bond angle is larger) [11] . The pyridine and oxazolidine rings of the AEPC in the reported cadmium complex have "face to face" direction while in a mercury complex they have "face to side" form [11] .
In this structure, the copper ion has a coordination number of five, by coordination of the one oxygen and two nitrogen atoms of one AEPC ligand and two nitrogen atoms of two thiocyanate ions. A five-coordinate geometry of 1 may adopt either a square pyramidal or a trigonal bipyramidal structure which is determined by applying the formula of Addison et al. is slightly higher than the bridging (47%). Interestingly, the thiocyanate ion is also capable of forming a four-membered chelate ring with a copper ion, however this is a very rare mode [44] .
A c c e p t e d M a n u s c r i p t
Among the bridging modes, bridging NS-donor thiocyanate between two copper ions is more common than any other mode.
For comparing the geometrical parameters of the terminal N-donor coordinated thiocyanato ligands of 1 with the CSD analogues, the bond lengths and angles average for all reported complexes were calculated and presented in scheme 3(a). The results revealed that the N-bonded thiocyanate ligand and copper ion do not form a linear structure (scheme 3(a)). The C−N−Cu angles average and N−Cu bond lengths average in 1 are 172.1° and 1.950 Å, which are higher and lower than the CSD average (scheme 3(a)), respectively. To compare the geometry of the thiocyanate ion in its coordinated and uncoordinated states, a CSD search was performed for free thiocyanate ions (scheme 3(b)). Based on these data, after coordination of thiocyanate the CN and SC bond lengths are slightly increased and decreased, respectively, which is in agreement with the literature for N-bonded thiocyanato ligands [45, 46] . Total intermolecular interaction energies for single molecules of each complex were calculated using Mercury [53] and its CSD-materials tool [33, 54] . For this, the sum of the intermolecular interactions energies in a molecular packing shell containing 100 molecules around the one complexes 1 and 2 were calculated to be −325.60 (complex 1 containing Cu1), −326.07 (complex 1 containing Cu21) and -10.34 kJ/mol (figure 5), respectively, confirming that one molecule of 1 is more stabilized in the solid state by its network interactions than +2.
Also the interactions of the enantiomer containing Cu21, in 1, were slightly stronger than its Cu1 For studying the charge distribution before and after complexation, an NBO analysis was done on the free AEPC and 1 (table 6 ). The results reveal that the calculated charge on the copper ion is about +0.91 and lower than the formal charge (+2), owing to the electron donation of the ligand during complexation. Based on the calculated total charge values, the total charge of the nitrogen, carbon and oxygen atoms in 1 is more negative than that of the free ligand, while the total charge of hydrogen atoms is more positive than in the free ligand. This observation reveals that the hydrogen atoms play an important role in electron donation toward the metal ion, thus decreasing the charge of the copper ion. The nitrogen atoms on the thiocyanato ligands are more negative than those on the AEPC, showing the nitrogen atoms of the thiocyanate ions are more electronegative than the AEPC nitrogen atoms.
In the optimized AEPC, the HOMO is delocalized on the oxazolidine ring and partially on the ethanolic side arm while the LUMO is delocalized on the pyridine ring (table 7) . In 1 opt , the HOMO is almost delocalized on the thiocyanato ligands while the LUMO is delocalized on A c c e p t e d M a n u s c r i p t the pyridine ring of the coordinated AEPC. The metal ion does not have any significant participation in the frontier molecular orbitals (table 7) .
Similar to the solid phase results, in the isolated molecule of 1 opt , the copper ion has a τ value of 0.04 and square-pyramidal geometry. In this structure, the AEPC ligand is coordinated in fac form (the angle between two mean planes through the chelate rings of AEPC is 86.25).
Docking studies of AEPC and 1-3
For predicting the biological activities of AEPC and 1-3, interactions of these compounds with nine macromolecule receptors using Gold [34] docking software were studied. The Gold docking results are reported in terms of the values of fitness which means that the higher the fitness, the better the docked interaction of the compounds [18] [19] [20] [21] . The general features from the Gold docking prediction (table 8) show that all studied structures can be considered as biologically active compounds [18] [19] [20] A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 
